Human orofacial clefts (OFCs) are congenital anomalies that result from the breakdown of normal mechanisms that regulate the formation of the human face. They could be syndromic or non-syndromic, with a global incidence of 1:700 per live births. Environmental and genetic factors are thought to play various roles in the aetiology of OFCs. This study seeks to establish the diversity, distribution and pattern of inheritance of OFCs as well as environmental and other risk factors associated with OFCs in a Ghanaian population. A family-based, descriptive cross-sectional study that employed an interview-based survey questionnaire was used to obtain information from 467 families with history of OFCs. We employed chi-square statistics to analyse the data and used graphs to interpret the data. All previously reported subphenotypes of OFCs were observed by the present study. Clinically, about 12% of clefts in the study population were syndromic. The most common syndromic forms observed were Pierre Robin Sequence, cleft-with-club foot abnormalities and Van der Woude Syndrome. Only about 5% of clefts in the study cohort were familial. The study also established that lower level of education of parents, poverty, late antenatal care and dietary folate deficiency are major environmental factors associated with clefts in the Ghanaian population. In conclusion, OFCs are non-randomly distributed in Ghana and folate deficiency could likely be a source of genetic mutations and "epimutations" that cause OFCs, since folate is essential for DNA methylation, replication and repair as well as histone modification.
Introduction
Human orofacial clefts (OFCs) are congenital malformations of oral and facial structures. Cleft lip only (CL), isolated cleft palate (CP) and cleft lip with palate (CLP) are the most common forms of OFCs. These may be syndromic or non-syndromic, with the syndromic forms presenting with additional congenital anomalies [1] . Collectively, OFCs are among the most common birth defects with a global incidence of 1 per 700 live births [2] . Race, ethnicity, geographical locations, environmental factors and socio-economic status influence the distribution of OFCs [3] . Asians have the highest incidence of OFCs, followed by Europeans, with populations of African ancestry having the lowest incidence [2] . The incidence of OFCs also differs by gender and laterality. A ratio of 2:1 male to female has been observed for CL whereas a ratio of 1:2 male to female has been reported for CP. In terms of laterality, a ratio of 2:1 left-sided to right-sided clefts has been observed among unilateral clefts [1] .
In Ghana, there is no reliable national OFCs incidence data, due to the absence of a national birth defects registry leading to inefficient methods of reporting clefts and natality in general. In a review of hospital data from 1999 to 2005 at Komfo Anokye Teaching Hospital (KATH), Ghana, it was observed that the number of reported cases increased every year, probably due to community awareness and provision of free surgeries [4] . Subsequent review of medical records of patients with OFC in the same hospital from 2006 to 2009 revealed a yearly increase in the number of reported cases [5] . In a community-based study at Wudoaba cluster of villages in Ketu South District of Volta Region of Ghana, OFC prevalence was ascertained to be as high as 6.3 per 1000 people [6] . However, the incidence of OFCs may vary among various regions or ethnicities in Ghana. In a descriptive prospective survey of eleven selected health facilities in Kumasi, an incidence of 1.31 per 1000 live births was observed [7] .
The various subdivisions of clefts are even more heterogeneous. OFCs may manifest as cleft lip only (CL), isolated cleft palate (CP), cleft lip and palate (CLP), submucous cleft palate (SMCP), tessier, macrostomia, or microform cleft. Many lines of evidence currently presuppose that the phenotypic spectrum or expressivity of OFCs is more complex than earlier thought. These include an array of subclinical phenotypic features observed in either an OFC patient or "unaffected" relatives [8] . Subclinical phenotypes may include minor structural variants, such as lip pits or prints [9] , dental anomalies [10] , abnormalities of the orbicularis oris muscles, three-dimensional facial image measurement [8] and brain variants as revealed by magnetic resonance imaging (MRI) or surrogate measures [11] . inactivating parasitic viral DNA sequences that infiltrate the genome. It is also crucial for transcriptional regulation, X-chromosome inactivation, parent of origin genomic imprinting and tissue-specific gene expression [12] . Methylation patterns are passed on during cell division; this is influenced by availability of folate [13] [14] . Folate levels therefore influence the occurrence of birth defects in mice [15] and humans [16] [17] .
The aim of this study was to ascertain environmental and other risk factors that influence the occurrence and distribution of human OFCs in a Ghanaian population. This study also examined the phenotypic diversity as well as pattern of inheritance of OFCs in the study population through the use of interview-based survey questionnaire. 
Methods

Sampling of Subjects
Questionnaire Administration
A questionnaire was administered to case families. After identification of case families, any congenital abnormalities, apart from clefts, if they occurred, were noted.
All generations of each case pedigree was carefully examined for any congenital defects. Moreover, since phenotype is an outcome of the interplay between genetics and environment, the questionnaire also probed into environmental exposures and some medical histories of these families. Since the uterine environment of mothers greatly influences the development of foetus [1] , these exposures were ascertained primarily from the mother. For almost all these risk factors, the mothers were asked a "yes or no" question as to whether they got exposed to any of them, particularly during peri-conception three months before and three months after conception.
Daily and weekly dietary folate intake was assessed based on the consumption of fruits (such as citrus fruits and juices), slightly cooked or uncooked dark green leafy vegetables (such as lettuce), dried beans and legumes (peas), and other folate-fortified foods (such as cereals, flours, etc.). Folate is a water-soluble vitamin B that is not stored in fat tissues of the body and excess folate is secreted through urine. Because of this, poor dietary folate, for even few weeks, could drastically reduce blood folate levels. It is therefore recommended that a woman who is pregnant or aspiring to do so must take at least 400 micrograms (mcg) of folic acid supplement daily in order to reduce the occurrence of birth defects (http://www.nlm.nih.gov/medlineplus/ency/article/000354.htm, 09/07/2015). Corollary to these observations, a mother that did not consume folate-rich foods daily was classified as having "dietary folate deficiency". Folate supplementation was also ascertained: daily consumption of folate-fortified foods and peri-conception intake of folic acid supplements were inquired from mothers.
Other risk factors collected included socio-economic status, level of education and period when mothers accessed antenatal care. Socio-economic status was as- source of monthly income (at least GH¢500 -about US$130), such as teachers, were classified as "high income earners". "Low income earners" refer to people with no reliable source of monthly income (less than GH¢500), such as the unemployed, peasant farmers, artisans, etc.
(http://www.statsghana.gov.gh/docfiles/glss6/GLSS6_Main%20Report.pdf).
Time of antenatal care attendance was also ascertained based on the time lapse after conception before mother visited hospital. This is mainly the time that folate or multivitamin supplementation was initiated.
Statistical Analyses
Chi-square and p-values were calculated using In Silico Project Support for Life Sciences (http://in-silico.net/tools/statistics/chi2test). All charts were drawn with Excel and error bars indicated are standard errors.
Results
Pattern of Inheritance, Phenotypic Diversity and Distribution of Clefts
A total of 467 case pedigrees were recruited. The case pedigrees consisted of 413 (88%) non-syndromic OFC (NSOFC) case pedigrees and 54 (12%) syndromic case pedigrees. About 5% (n = 24) of the case pedigrees were multiplex families whiles the remaining pedigrees were simplex families. In 10 out of the 24 multiplex families, clefts occurred only in the nuclear family whereas in the remaining multiplex families, clefts occurred in other extended family members. Figure   1 shows three case pedigrees: GH20134972 and GH20130786 are multiplex pedigrees whereas GH20140578 is a simplex pedigree.
Diverse cleft phenotypes were observed in the study population (Table 1; Figures 2-4). These classifications were based on affected part of the face, the severity of the cleft as well as the laterality. There was significant difference (p = 0.0073) between the number of males (n = 213) and females (n = 254) affected with clefts in the study population, with higher number of females being affected. This effect emanated from the 1:2 ratio of males (n = 43) to females (n = 83) affected with CP (p < 0.0001), since there was no significant difference between number of males and females affected with CL (p = 0.5865), CLP (p = 0.4996) and special clefts (p = 0.9999). There was also significant difference in laterality for CL (p < 0.0001) as well as CLP (p = 0.0119), with left unilateral clefts being more common.
Many syndromic forms of clefts were observed in the study population (Table   2 ). These classifications were based only on clinical but not molecular evidence.
Syndromes were assigned to some probands based on clinical evidence whereas for some probands, only phenotypes or symptoms were described since it was difficult assigning a particular syndrome to such probands based on clinical records and were just classified as having multiple congenital anomalies (MCAs 
Occupation of fathers
Petty traders 36%
Peasant farmers 23%
Unemployed 14%
Seamstress 10%
Hairdresser 8%
Students 1%
Other low income earners 2% High income earners 6% and fathers (75%) never went to school or ended their education at the elementary level ( Figure S1 ). Most of these parents could neither read nor write. Since illiteracy level in Ghana is 26% (2010 Population and Housing Census, Ghana), illiteracy was significantly (p < 0.0001) associated with families with clefts.
Occupation of mothers
About 15% and 5% of fathers and mothers, respectively, ended their education at Senior High School; 10% and 5% of fathers and mothers, respectively, have had tertiary education. Furthermore, about 87% of mothers and 70% of fathers gave birth to the probands when they were within the age range of 21 to 40 years ( Figure S2 ). Thus, clefts patients were mostly born to actively, youthful, reproducing parents; therefore, advanced age-related gross chromosomal abnormalities may largely not be responsible for cleft aetiology. About 95% of both mothers and fathers were low income earners ( Figure 5 ). Only about 5% of families with clefts had reliable source of income of at least US$130 per month. High income earners included a doctor, teachers, civil servants, public service workers, as well as traders who owned permanent stores and were making reliable sales every month. Therefore, OFCs occurred in all regions of Ghana, though clefts were endemic at certain rural settings of various regions where poverty and lower level of education were high.
Environmental and Other Risk Factors
Some mothers in case families were exposed to diverse risk factors ( Figure 6 (Figure 7) .
Enema usage was also common among some mothers, with about 30% of mothers using enemas during conception ( Figure 6 ). Also worthy of note is the high number of mothers (about 30%) that were consistently exposed to smoke from sources such as firewood, refuse dumps, factories, etc. Some medical history of mothers (such as miscarriage, still births, consanguinity, family planning and lack of antenatal care) were observed in less than 20% of mothers, suggesting these factors may not be major risk factors associated with OFCs.
Discussions
OFCs may be common in Ghana. Recent advances in cleft care in Ghana have resulted in higher number of reported cases [4] [5] . Though no reliable national incidence is known, population-based and hospital-based epidemiological studies suggest OFCs may be prevalent congenital abnormalities in Ghana. In a population-based study at Wudoaba cluster of villages, a prevalence of as high as 6.3 per 1000 people was recorded [6] . However, in a hospital-based study in Figure 6 . Maternal exposure to risk factors that include environmental exposures and some medical history. 
Still birth Prematurity
Percentage of mothers exposed to risk factor Risk factors Figure 7 . Number of months after conception after which mother got antenatal care. The time of first antenatal care is usually when folate supplementation is started. It was observed that over 80% of mothers either had folate supplementation after three months of gestation or had no folate supplementation at all. > implies after the indicated month.
Kumasi, a low incidence rate of 1.37 per 1000 live births was observed [7] . Though the present study did not attempt to determine incidence of OFCs, it was interestingly observed that clefts were endemic at certain parts of Ghana. For example, many cases were reported from Manso, Asante Akyem Agogo, Begoro and Sefwi areas. This observation suggests non-random distribution of clefts in Ghana, buttressing the assertion that geographical locations and environmental risk factors influence the incidence of OFCs [3] .
OFC phenotypes in Ghana are as diverse as have been reported elsewhere [1] . No significant differences were observed in the subphenotypes of CL, CP and CLP, though earlier studies suggest CP is a less common subphenotype [4] [5] . Furthermore, there was significant difference between the number of males and females affected with clefts, with higher number of females being affected. This observation is corroborated by a recent study in Kumasi that encompassed 11 hospitals [7] . The higher incidence of clefts in females emanated mainly from the about 1:2 males to females affected with CP in the study cohort; this CP observation is consistent with most literature [1] [18] , though not all [7] . Earlier studies in KATH suggested the contrary: males were more affected with clefts than females [4] [5] . Also, no significant differences were observed between males and females affected with CL and CLP. This observation is contrary to literature, which suggests a 2:1 male to female ratio for these subphenotypes [1] . In harmony with reports elsewhere [1] , left unilateral clefts were as twice more common than right unilateral clefts in the present study. In a Nigeria study, it was also observed that left unilateral clefts were more common than right unilateral clefts, though more males were observed in the study cohort [18] .
Most cleft cases in Ghana were non-familial and had complex pattern of genetic inheritance. Only about 5% of case pedigrees were multiplex families. Inte- 
of mothers
Gestational period or month restingly, even within these multiplex families, no clear pattern of genetic inheritance was observed. For example, in pedigree GH20134972, all females in that nuclear family are affected whereas no parent or male sibling is affected. Even within this pedigree, clefts differed in severity and laterality. Also, in pedigree GH20130786, a mother with complete bilateral CLP transmits the exact phenotype to a male child while all other male siblings remain unaffected. For this particular pedigree, future generations must be studied before a conclusive pattern of inheritance can be obtained. Observations from these two pedigrees suggest to a large extent a non-Mendelian pattern of inheritance of clefts even in some familial cases and the urgent need for molecular data in pedigree analyses. About 95% of cleft cases were non-familial in that the proband is the first person to be born with cleft in these families. In the simplex pedigree GH20140578, a monozygotic twin presented with complete bilateral CLP as well as bilateral club foot, though the other twin had no congenital anomalies. This discordance in occurrence of clefts even among monozygotic twins, suggests an interaction between genetic and environmental factors in the pathogenesis of OFCs [1] [19] . This evidence from twins also suggests that sporadic, somatic mutations that emanate after fertilization and embryo cleavage may sometimes account for cleft aetiology [20] [21] . Thus, genetic mosaicism may be common among cleft patients. Corollary to these observations, a multifactorial pattern of inheritance may account for cleft occurrence in the Ghanaian population [1] [19] .
The multifactorial pattern of inheritance proposed here is based on a number of observations made by this study that have also been reported elsewhere [22] . Firstly, most affected children (about 95%) had normal parents. Secondly, the recurrence risk increased with the number of affected individuals in the family. For example, in 10 multiplex families where clefts occurred within the nuclear family, 70% of these clefts were transferred from parents to probands whereas only 30% were clefts that occurred among siblings. In 5 out of 7 cases of parent to proband transmission, cleft was transferred from affected mothers to affected daughters. In one case, the exact phenotype of complete bilateral CLP was transferred from a mother to a male child whereas in the last pedigree, CL was transferred from a father to a female child. Interestingly, the exact cleft subphenotypes in parents were transferred to the probands: 2 complete CLP, 4 complete CL as well as 1 complete CP were transmitted from parents to offspring. Thus, CP and CL/P, which are embryologically as well as aetiologically distinct [1] , did not segregate together in a family. Thirdly, recurrence risk increased with the severity of the abnormality: all 10 nuclear multiplex families observed in the present study had severe subphenotypes of clefts. These included complete CLP, CL and CP. Lastly, consanguinity slightly raised the recurrence risk of an affected family: familial clefts were more common in parts of the Northern and Volta [6] Regions where consanguinity was high.
Clinically, the vast majority of clefts in Ghana were non-syndromic. About 88% of case pedigrees were non-syndromic whereas only 12% were syndromic. This observation is statistically in line with global cleft distribution of 70% non-syndromic cases and 30% syndromic cases [1] , though NSOFCs was extremely high in the present cohort. Interestingly, molecular evidence gathered by a parallel study [23] suggests that the percentage of syndromic clefts may actually be higher than was ascertained through clinical data. Our observations suggest the urgent need to combine both clinical and molecular data before making any absolute cleft diagnosis. VWS was the most well-characterized and common syndromic form of clefts in the study cohort and this also is consistent with literature [1] . Though a higher number of PRS cases were observed, it was difficult to cluster them as one syndrome since PRS has a heterogeneous genetic architecture (OMIM). Also worthy of note was the high number of cleft-club foot only phenotype, 80% of which occurred in males. This male dominance suggests an X-linked trait. Moreover, CP was observed more in syndromic pedigrees than other cleft subphenotypes.
Most case families were characterized by low socio-economic status and youthful parents. About 80% of case parents never went to school and therefore could neither read nor write; therefore, illiteracy was significantly (p < 0.0001) associated with families with clefts. Moreover, over 90% of parents were low income earners, as a result of lack of employment or were in occupations with low income. These observations are in harmony with those made elsewhere [3] that suggest that clefts distribution is influenced by socio-economic status. Lastly, clefts were mostly observed in families with parent within the age range of 21 to 45 years. Gross chromosomal abnormalities-related genetic defects are very predominant in children born to old-aged parents. Since most parents observed in the present study were youthful, old age-associated chromosomal defects may not significantly account for cleft occurrence in the Ghanaian population. The most striking risk factor in cleft families was folate deficiency. Over 95% of mothers had poor dietary folate intake whereas about 86% of mothers either took folic acid supplements after the first trimester or had no folate supplements at all; this is complicated by lack of or delayed antenatal care. Folate is crucial for DNA methylation, repair and synthesis as well as histone modifications [12] . These processes are overly crucial during embryogenesis and gametogenesis: except few imprinted genes, DNA methylation patterns are globally erased very early in these processes and are reprogrammed later in development. This window of ontogeny gives room for environmental influences: lack of folate, which provides a one-carbon source for DNA methylation, may alter methylation patterns [13] [14] . For example, folate levels influence methylation patterns of agouti mouse, inadvertently leading to birth defects [15] . This may lead to "epimutations", with attendant dysregulation of genes. Since DNA methylation also stabilizes the genome, alterations in methylation patterns could also lead to high level of mutations in genes, which are usually marked by methylated CpG islands [12] [16] [17] . All these observations suggest that folate deficiency could contribute significantly to the occurrence of genetic mutations and epimutations. Since the human face (including lip and palate) form by 10 weeks of gestation (http://www.indiana.edu/~anat550/hnanim/face/face.html, 17/01/2015), folate supplementation after the first trimester is less likely to avert clefts.
Hypoxia and use of traditional medicine (enemas and other herbal remedies)
were also common among case mothers. Low molecular oxygen levels, resulting from hypoxia, have been shown to alter the function of PHF8 gene, which is a histone lysine demethylase [24] . Moreover, over 30% of mothers used traditional medicines, which were usually crude plant concoctions. Some of these crude plants preparation have been shown to cause congenital deformities [12] .
Conclusion
OFCs show multifactorial pattern of inheritance in the Ghanaian population, because both genes and environmental factors interact to initiate cleft pathogenesis. The study cohort exhibited some hallmarks of multifactorial inheritance: 95% of cleft patients had normal parents, cleft recurrence risk was higher among multiplex families, recurrence risk increased with the severity of the abnormality and consanguinity slightly increased the recurrence risk of clefts. Environmental and other risk factors also influenced the occurrence and distribution of OFCs, with attendant non-random distribution of OFCs among the Ghanaian populace. About 90% of case families were of low socio-economic status. A significant percentage of case parents also never went to school or ended their education, at most, at the elementary level. Significant percentage (over 90%) of case mothers had poor dietary folate deficiency, coupled with no or delayed antenatal care. Other exposures, such as hypoxia and use of traditional medicine may also play crucial roles in cleft aetiology. In conclusion, the non-random distribution of OFCs among the study population is significantly influenced by geographical locations and risk factors such as low socio-economic status, folate deficiency and delayed antenatal care. Future studies may focus on methylation patterns of DNA and histones in patients with OFCs.
Limitations
A limitation of this study is that it is hospital-based and therefore could not include families that never reported to any hospital. The sample size was also calculated based on hospital records; the lack of birth defect registry in Ghana is hampering the accurate estimation of the burden of birth defects, including orofacial clefts.
